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Background. It is well known that socioeconomic indicators, such as income and education, predict both stroke incidence and
stroke mortality. This means that persons in lower socioeconomic positions are less likely to survive their stroke, and there will be
aselectivesurvivalinthegroupdischargedfromhospitalaftertheirﬁrststroke.Question.Doessocioeconomicpositioncontinueto
predict mortality, stroke speciﬁc, or from other causes, among patients surviving their ﬁrst stroke in spite of this selective survival?
Methods. All persons in Sweden aged 40–59 years who were discharged after a ﬁrst hospitalization for stroke in 1996–2000 were
included (n = 10,487), then followed up until the end of the fourth calendar year after discharge. Data were analysed with Cox
regressions controlling for age, sex, and stroke type. Results. Persons with high socioeconomic position, measured by education
and income, have lower mortality than those of low position. Education was not signiﬁcant when adjusted for income, however.
The risk of dying was similar for stroke-speciﬁc mortality and all-cause mortality, for those with cerebral infarction as well as for
all patients. Conclusions. Socioeconomic position predicted stroke-speciﬁc mortality also in the selective group of persons who
survived their ﬁrst stroke.
1.Introduction
Many studies show that persons in lower socioeconomic po-
sitions, such as low-income groups or persons with a short
education, have higher risk of dying from stroke [1–3]. This
also means that persons in lower socioeconomic positions
will survive a stroke to a lesser degree than persons in higher
positions. Thus, among people discharged from hospital aft-
ertheirﬁrststrokeaselectivesurvivalwillhaveoccurred.Itis
moreover reasonable to assume that people who come under
health care supervision may fare better, for example, due to
medicationandphysiotherapy.Inotherwords,itseemslikely
that the general access to a universal health care system and/
or selective survival may have modiﬁed the association with
socioeconomic position.
Ourquestioniswhethersocioeconomicpositionpredicts
stroke-speciﬁc mortality also among the selective group of
patients surviving their ﬁrst stroke. When death was measur-
edasall-causemortality,socioeconomicposition did contin-
ue to play a role as persons in low socioeconomic position
that survived a ﬁrst stroke remained at higher risk of early
mortality [4]. However, it is unclear whether the socioecon-
omic gradient for stroke-speciﬁc mortality is similar to that
for all-cause mortality. Some studies indicate that socioeco-
nomicposition continuestopredictstroke-speciﬁcmortality
[5–8], but to our knowledge this speciﬁc issue has not been
addressed before.
ObjectofThisStudy. To whatextentdoes income andeduca-
tion predict stroke-speciﬁc mortality and mortality due to
other causes after the discharge from a ﬁrst hospitalization
for stroke?
2. Methods
2.1. Study Population. This study was carried out in Sweden,
where approximately 30000 persons are aﬄicted by stroke
each year [9]. Stroke is a disease of the elderly but about
20 percent of stroke suﬀerers in Sweden are of working age,
that is, under 65. Most hospitals are public and the few2 Stroke Research and Treatment
Table 1: Descriptive statistics (n = 10,487).
Income (quartiles) Education
1 (lowest) 2 3 4 Compulsory Upper secondary University All
Died during the followup (%)
No 83.0 90.8 94.4 94.9 90.0 90.9 93.3 91.0
Yes, from stroke 5.2 2.5 2.0 1.1 3.3 2.5 1.6 2.6
Yes, other cause 11.8 6.7 3.6 4.0 6.7 6.6 5.1 6.4
Age (%)
40–44 6.7 9.6 8.7 7.2 5.7 9.4 9.9 8.1
45–49 14.3 17.9 19.2 16.9 14.8 18.3 19.2 17.1
50–54 28.6 29.9 33.2 34.2 30.4 32.8 30.9 31.5
55–59 50.5 42.7 38.9 41.8 49.1 39.6 40.0 43.3
Sex (%)
Men 59.4 51.2 56.6 82.1 64.0 61.8 60.7 62.4
Women 40.6 48.8 43.4 17.9 36.0 38.2 39.3 37.6
Stroke category (%)
Cerebral infarction 71.4 65.7 66.8 68.7 69.8 68.1 64.7 68.1
Subarachnoid haemorrhage 8.7 15.0 15.4 12.8 11.6 13.4 15.4 13.1
Intracerebral haemorrhage 12.1 12.7 12.3 13.2 11.7 12.6 14.5 12.6
Stroke, not speciﬁed (I64) 7.7 6.6 5.5 5.3 6.8 6.0 5.4 6.2
Income 1999 (100 SEK)
Min 0 59 1627 2361 0 0 0 0
Max 57 1621 2358 16089 5335 8020 16089 16089
Median 0 956 2022 2909 1305 1621 2394 1680
Days of inpatient care
Median 11 10 9 8 10 10 9 9
No. of observations 2,458 2,605 2,725 2,699 4,035 4,501 1,951 10,487
private ones have contracts with the county council. A wide
range of rehabilitation measures are available to stroke sur-
vivors, from acute hospital care with special stroke teams to
rehabilitation clinics for both in- and outpatient care.
2.2. Inclusion Criteria. All persons in Sweden aged 40–59
who were hospitalized for the ﬁrst time for stroke in 1996–
2000 (n = 11,687) were identiﬁed from the national regis-
ter of inpatient care. Among the population there are ap-
proximately 2.5 million persons in this age group. The stroke
typescerebralinfarction,subarachnoidhaemorrhage,intrac-
erebral haemorrhage, and “stroke, not speciﬁed” (ICD 10 =
I60, I61, I63, and I64) were included (both principal and
secondarydiagnoses).Personswithapreviousischemicheart
disease (ICD 10 = I20–I25) were excluded to avoid comor-
bidity as well as TIA (ICD 10 = G45.8 and G45.9) due to less
reliable data. Other data were then added, such as income
and education, from a Statistics Sweden population-based
data register. While 1200 stroke patients died during their
hospitalization, 10,487 were later discharged (see Table 1 for
descriptives). The study group consists of these cases.
Both stroke-speciﬁc mortality and mortality from other
causes were analysed from the ﬁrst day after discharge until
the end of the fourth calendar year after the stroke. We also
modelled data with 30-day case fatality from hospital admis-
sion, but the results were very similar compared to data from
discharge (not shown). During the followup n = 946 died
and of those n = 277 died from stroke. Information about
cause and exact date of death is from the Swedish Cause of
Death Register (ICD 10 I60–I69).
Education is measured as elementary, upper secondary,
and university. Income was grouped into four equally sized
quartiles. The income and education data concerned the ca-
lendar year prior to the stroke.
We used Cox regressions to analyse mortality after dis-
charge. Results are presented as relative risks. Analyses are
controlledforsex,age,agesquare,strokecategory,daysofin-
patient care,anddayssquare.Daysofinpatient carewasused
as a proxy of stroke severity. This adjustment did not aﬀect
estimates for education and income.
ThestudywasapprovedbytheRegionalEthicalCommit-
tee in Stockholm (2006/5:1).
3. Results
Table 1 gives an overview of the studied group, showing the
distribution of sex, age groups, proportion that died, stroke
category, and days of inpatient care, by income quartiles and
education.
Table 2 showsthemortalityriskaftersurvivinganystroke
subtype, Table 3 after the main stroke category cerebral in-
farction. The ﬁrst three columns with results in Table 2 show
the risk stroke-speciﬁc mortality and the last three columnsStroke Research and Treatment 3
Table 2: Relative risk of dying after a stroke (n = 10,487).
Stroke-speciﬁc mortality Other causes of death than stroke
M o d e l 1 2312 3
RR RR
(P value) (P value)
Education P = 0.006 P = 0.392 P = 0.070 P = 0.313
C o m p u l s o r y 1( r e f) 1( r e f) 1( r e f) 1( r e f)
Upper secondary 0.81
(0.098)
0.89
(0.384)
1.04
(0.651)
1.14
(0.129)
University 0.54
(0.002)
0.77
(0.203)
0.80
(0.055)
1.06
(0.652)
Income (quartiles) P<0.001 P<0.001 P<0.001 P<0.001
1 (lowest) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
2 0.53
(<0.001)
0.53
(<0.001)
0.58
(<0.001)
0.60
(<0.001)
3 0.42
(<0.001)
0.43
(<0.001)
0.31
(<0.001)
0.30
(<0.001)
4 0.21
(<0.001)
0.22
(<0.001)
0.32
(<0.001)
0.31
(<0.001)
Stroke category P = 0.033 P = 0.105 P = 0.108 P<0.001 P = 0.005 P = 0.005
Cerebral infarction 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Subarachnoid
haemorrhage
0.53
(0.008)
0.60
(0.031)
0.60
(0.033)
0.56
(<0.001)
0.63
(0.003)
0.63
(0.003)
Intracerebral haemorrhage 1.07
(0.699)
1.11
(0.534)
1.11
(0.517)
1.15
(0.209)
1.18
(0.145)
1.18
(0.143)
Stroke, not speciﬁed (I64) 1.24
(0.385)
1.17
(0.518)
1.17
(0.530)
1.10
(0.523)
1.03
(0.853)
1.03
(0.843)
Controlling for sex, age, age square, stroke category, days of inpatient care, and days square. “Ref” is the reference category. The P value to the right of the
variable name shows whether the variables have made a signiﬁcant contribution to the model. Results in bold have P<0.05.
RR: relative risk. RR > 1.0 means higher likelihood of dying.
the similar results for other causes of death than stroke. The
analyses show that persons with low education and low in-
come had higher risk for stroke-speciﬁc mortality when an-
alysed separately (Table 2). The risk of dying was lower for
persons with university education than for those with elem-
entary education (Model 1) and was lower for persons with
higher-income than for persons with lower-income (Model
2). Including both variables measuring socioeconomic posi-
tion, that is, controlling for each other, only income contin-
ued to be signiﬁcant (Model 3).
The relative risk of stroke-speciﬁc mortality in the high-
est income quartile was only about one ﬁfth compared to the
lowest quartile (RR 0.22) when adjusted for education. The
table presents income quartiles in average over educational
groups, although a detailed analysis suggests that the relative
diﬀerence in risk was greater in the group with the shortest
education.
The analyses of the risk for other causes of death than
strokeshowedsimilarpatternasstroke-speciﬁcmortality,ex-
cept that education was only signiﬁcant on the 10-percent
level and that the mortality diﬀerences between income qua-
rtiles was slightly smaller. The highest income quartile had
a mortality risk that was about a third of the lowest income
quartile.
Among persons discharged from hospital the risk of dy-
ing from stroke was about half among those with subarach-
noid haemorrhage as compared to the other stroke subcate-
gories.
Table 3 displays the mortality pattern for the main stroke
categorycerebralinfarctionseparately.Thispatternwassimi-
lar to that of all stroke subtypes except that association
between education and mortality was signiﬁcant for both
stroke-speciﬁc mortality and mortality from other causes of
death.
4. Discussion
Socioeconomic position, that is, income and education, pre-
dicted stroke-speciﬁc mortality—as well as mortality due to
other causes—also after the selective survival of a ﬁrst stroke.
While education was not signiﬁcant when income was in-
cluded in the model, the risk of dying from stroke in the
highest income quartile was one-ﬁfth of that in the lowest
income quartile.
This might indicate that economic resources are more
decisive than educational ones (e.g., how well-informed
someoneis).However,sinceeducationgenerallyprecedesin-
come as it is completed early in life, and income is partly4 Stroke Research and Treatment
Table 3: Relative risk of dying after a cerebral infarction (n = 7,143).
Stroke-speciﬁc mortality Other causes of death than stroke
M o d e l 1 2312 3
RR RR
(P value) (P value)
Education P = 0.007 P = 0.198 P = 0.006 P = 0.102
Compulsory 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Upper secondary 0.78
(0.109)
0.86
(0.345)
1.08
(0.448)
1.18
(0.101)
University 0.45
(0.002)
0.63
(0.083)
0.67
(0.009)
0.90
(0.486)
Income (quartiles) P<0.001 P<0.001 P<0.001 P<0.001
1 (lowest) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
2 0.43
(<0.001)
0.44
(<0.001)
0.57
(<0.001)
0.56
(<0.001)
3 0.35
(<0.001)
0.36
(<0.001)
0.27
(<0.001)
0.27
(<0.001)
4 0.20
(<0.001)
0.22
(<0.001)
0.30
(<0.001)
0.31
(<0.001)
Controlling for sex, age, age square, days of inpatient care, and days square. “Ref” is the reference category. The P value to the right of the variable name shows
whether the variables have made a signiﬁcant contribution to the model. Results in bold have P<0.05.
RR: relative risk. RR > 1.0 means higher likelihood of dying.
the result of educational achievements, education may be
conceptualized as a factor underlying the later association
between income and mortality.
While none of the previous studies speciﬁcally examines
income and education as predictors of stroke mortality aft-
er the selective survival from a ﬁrst stroke, some studies have
had followup periods that partly overlap with ours [5–8],
and although some of them have other indictors of socio-
economic position, for example, occupation [6] or looking
at stroke incidence rather than mortality [10], their results
point in the same direction as ours, that is, that socioecon-
omic position continues to be a strong predictor also after
the selective survival of a ﬁrst stroke. If anything, the socio-
economic gradient indicated in our results was even steeper
than for stroke mortality in general [3].
That socioeconomic position predicts stroke mortality
also after the selective survival from a ﬁrst stroke may indi-
cate the importance of buﬀering socioeconomic inequalities
with secondary prevention. The utilization of health care dif-
fers by socioeconomic position also in countries with uni-
versal health coverage. In Sweden, for example, higher in-
come groups utilize physicians to a greater extent than lower
i n c o m eg r o u p s[ 11]. Studies have also found a socioecono-
mic gradient for waiting time for carotid surgery [5], use
of magnetic resonance imaging (MRI) [5, 12], and for re-
ceiving optimal acute care [13]. Even so, the latter study also
indicates that the socioeconomic diﬀerences in stroke out-
come cannot be explained by diﬀerences in acute care [13].
Therearemanyfactorsbesideshealthcareutilizationand
medication that aﬀect mortality risk. Disabled individuals
also run an increased risk of dying from stroke [14] that
may be related to income diﬀerences in disability [12, 15],
compliance, and coping ability [16].
Health behaviour is important for both primary and sec-
ondary prevention and lower-income groups are in greater
need of health behaviour counselling, for example, concern-
ing smoking habits [17]. In one study, the socioeconomic
gradient for the incidence of stroke among middle-aged per-
sons could largely be explained by health behaviour, that is,
smoking and alcohol consumption [9]. On the other hand,
in a population-based Swedish study on elderly patients with
cerebral infarction [18], the socioeconomic gradient persist-
ed with adjustments for health behaviour.
Inourresults,thesocioeconomicgradientwasjustslight-
ly larger for stroke-speciﬁc mortality than for mortality due
toothercauses.Thisindicatesthatdeterminantsofsocioeco-
nomic diﬀerences may be shared between stroke and other
morbidity. It also indicates that in spite of the fact that we
have focused on socioeconomic diﬀerences in mortality late
in the disease process, that is, after surviving and being dis-
charged from hospital after a ﬁrst stroke, it is the eﬀects of
determinants further upstream that are captured.
Our results indicate the need to allocate more resources
to low-income groups than to high-income groups,targeting
themasahigh-riskpopulation.Butitremainsunclearwheth-
er the increased risk is of relatively recent origin, or whether
it reﬂects disadvantages accumulated over a life-span, with
respecttohealthcareandhealthbehaviouraswellastoother
factors.
It is worth noting that a review of the most eﬀective evi-
dence-based strategies for reducing health inequalities sug-
gests interventions focused on early life and general living
conditions, that is, a good start in life, that all young peo-
ple should be able to maximize their capabilities and have
control over their lives, fair employment, good work, and
healthystandardsoflivingforall,andhealthyandsustainableStroke Research and Treatment 5
communities, besides the role and impact of ill-health
prevention [19].
Otherwise, it has been recognized that people’s working
conditions, such as work stress and control, are closely cor-
related with income diﬀerences [20–22]. Other factors may
interact with socioeconomic position so that the joint expos-
ure of such factors as health behaviour and received health
care play a role for stroke mortality.
This study did not examine the eﬀect of socioeconomic
position on the risk of a ﬁrst stroke or the selectivity in the
survival of it. Thus, it was not able to compare risks before
andafteraﬁrststroke.Thismightbeinterestingforfuturere-
search.
T h er e g i s t e r su s e da r ec o n s i d e r e dt ob eo fh i g hq u a l i t y ,
but there are limitations. There are no records of stroke se-
verity, or such traditional risk factors as smoking, obesity,
and hypertension. In a recent study we described how per-
sonsofworkingagebelongingtohigher-incomegroupswere
more likely to return to paid work after a stroke [23]. This
interest in the possibility to return to paid work also lays
behind the age limits applied in this study.
Another limitation was the lack of information on eth-
nicity or comorbidity. It would also have been interesting to
examine the pathway separately for men and for women, as
the pattern may diﬀer both due to diﬀerent environmental
inﬂuences and to diﬀerent susceptibility for the disease. A
separate analysis by gender was not viable because of the
small number of women who died from stroke (n = 81). Any
closer analysis of the determinants was similarly restricted
due to the rather small number of deaths, and there is a pos-
sibility of bias due to omitted variables.
A complication that obscures comparability between
studies is the choice of reference group, which will tend to
diﬀer along the pathway of the disease. In studies of stroke
incidence the natural choice is the general population, but
in studies of poststroke mortality the nonfatal cases of the
disease are the obvious choice. It is unclear how the socio-
economic gradient, as well as the inﬂuence of other factors,
are aﬀected by the choice of reference group. This is an issue
that deserves to be recognized and more closely studied in
the future.
This study recognizes that the inﬂuence of a factor might
diﬀer depending on the stage in the pathway of the disease.
An important implication of our study is that there is a need
to separate the inﬂuence of diﬀerent factors along the path-
way from disease to death.
There is no exact boundary between when mortality risk
from the ﬁrst stroke ends and when the mortality risk from
a second stroke should be conceived to begin. This boundary
was also alternatively operationalized using 30 days from
hospital admission with similar results, but there is a certain
face validity in using hospital discharge as an indication of
survival from the ﬁrst stroke.
Conclusion. There are major socioeconomic diﬀerences in
stroke mortality, also after the selective survival from a ﬁrst
stroke.
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